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TESTS OF A J,;—SCALE POWERED MODEL OF A TWIN-BOOM ATRPLANE AND

A COMPARISON OF ITS STABILITY, CONTROL, AND PERFORMANCE
WITH THOSE OF A SIMILAR ALL-WING ATRPLANE

By Gerald W. Brewer and Ralph W. May, Jr.
SUMMARY

An ihvestigation of a é—scale powered hodel of a twin-boom airplane

in the Langley full-scale tunnel was conducted in order to obtain a
comparison of its stability, control, and performance characteristics

" with those of an all-wing airplane design of the same over-all propor-
tions. These models represent very large airplanes having a gross welght
of nearly 90 tons, & wing span of 290 feet, and an aspect ratio of 10.6.
The test results of the all-wing design have been .previously reported,
and estimated flying qualities of this design have been prepared in an -
unpublished paper. The test results of the twin-boom model are presented
in this paper together with a summary comparison of the characteristics
of the two types of airplane.

At the design center-of -gravity location of 0.23 mean aerodynamic
chord the twin-boom airplane will have sbout a 3-percent static margin in
the high-speed range with rated povwer and about a 5-percent static margin
at low speed with propellers windmilling and flap deflected 40°. Tn
comparison, the all-wing alrplane hes a somewhat larger static margin for
rated -power operation but much less static longitudinal stability at low
speeds with propellers windmilling.

. The twin-boom airplane bossesses generally stable or neutrally stable
variations of trim elevator deflection with airspeed for ell conditions
except for rated power with the flap deflected. The twin-boom airplane
has less stable trim elevator-deflection variations with airspeed than
the all-wing airplane because of the combination of its lower degree of
static longltudinal stability and increased elevator erfectiveness. In~”
general, the twin-boom airplane has neutrally stable trim elevstor hinge-
moment variations with alrspeed as compared to the more stable variations
for the all-wing airplene. The elevator effectiveness of the twin-boom
airplane 1s nearly twice that for the all-wing airplane.

Each airplane has a low degree of static directional stebllity and
also has a very low effective dihedral angle. The side force developed
by the twin-boom airplane in yaw 18 very low and is approximately one-
half that of the all-wing airplane. ,
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The power of the rudders to trim the airplanes directionally is
low, such that in the landing conditions with the propellers windmilling
the trim-boom airplane can be trimmed to only 8.5° yaw .and the all-wing
airplane to only slightly greater angles.

The meximum trimmed 1ift coefficients of 1.31 for the twin-boom

~airplane and 1.03 for the all-wing airplene give stalling speeds at sea

level of & and 92 miles per hour, respectively. Both airplanes have
essentially the same performance in range and rate of climb, but the
reduction in drag for the twin-boom airplane at high 1ift coefficlents
representvs increased performsnce over the all-wing airplane in take-off.

INTRODUCTION

A previous investigation of'a %-scale powered model of an all-wing

airplane in the Langley full-scale tunnel indicated that the all-wing air-
plene would probably meet the flying qualities requirements for large
alrplanes provided that the low-speed characteristics were improved. In
order to evaluate the performance characteristics of this particular all-
ving design as compared to those of an airplane of more conventional
dedign, tests were made of a2 twin-boom model having the same scale and
power as the all-wing configuration. These models represent very large
airplanés of &bout 90-ton gross weight with a 290-foot wing span and with
a total of 6800 rated brake horsepower.

This paper presents the asrodynamic characteristics, the control-
surface effectiveness, and a brief analysis of the static stabillty and
control characteristics of the twin-boom airplane as well as some general
comparisons with the results of the former tests of the all-wing design.
From the determination of the 1i1ft and drag characteristics of the two

-models, performance comparisons related to stalling speed, take-off run,

rangs, and rate of climb are also presented.

In this present investigation the effects of elevator, rudder, and
aileron deflection on the model forces and moments and on elevator and
rudder hinge moments were obtained with angle of attack, angle of yaw,
flap deflection, and power con%;tion belng the importent variable parameters.
A yew range of from -10° to 15 was investigated. For tests with

‘the flap deflected, & maximum deflection of 40° was used. The elevator

tests were run for several constant thrust coefficients at a given angle
of attack, the alleron tests with propellers windmilling, and the rudder
téstes with propellers windmilling, rated power, and asymmetric power.
Additional tests included the determination of the effect of stabilizer
and flap setting on the model forces and moments and also included the
determination of the stall progression over the wing.
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COEFFICIENTS AND SYMBOLS

The test data are presented as standard NACA coefficients of forces
and moments. All data are referred to the stablility axes, which are
defined as & system of axes having their origin at the center of gravity.
The Z-axis is in the plane of gymmetry and perpendicular to the relative
wind, the X-axis 1s in the plane- of symmetry and perpendicular to the
Z-axis, and the Y-axis is perpendicular to the plane of symmetry. The
positive directions of forces and moments and control-surface deflections
are shown in figure 1. Values given for areas and lengths 1in this section
relate to the model dimensions.

Cr, 1ift coefficient (ILift/qS)

Ci longitudinal-force coefficient (X/qS)

Cy | léteral-force coefficient (Y/aS)

Cp | pltching-moment coefficient (M/ch)-

Cn yewing-moment coefficient (N/aSb)

c, rolling-moment coefficient (L/qSb)

Ch,, elevator hingeﬁmomentrcoefficiéht <F /qbeE;%>
Chr rudder hingefmoment coefficient <ér/qbr5}
Qc _ torque coefficient <;é> v (;Déé)
To' effective thrust coefficient (Tg/q8)

V/nD propeller advance-diameter ratio

where

X, Y, 2 forces along axes, pounds

"L, M, N moments about axes, pound -feet

aq free -stream dynemic pressure, pounds per/square foot (dV2/2)
s wing area (161.6 sq ft)
be elevator span (6.40 ft)

by, rudder span (3.06 ft)
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c | ‘mean aerodynamic chord (M.A.C.) (3.9 ft)

Ty ' root -mean-square elevator chord (0.644 ft)

T, ‘ root-mean-square rudder chord (0.454 ft)

b wing span (41.4 ft)

H hinge moment, pound-feet

T effective thrust of all propellers (X - Xo)
(subscript o refers to propeller removed)

v free-stream veloclty, feet per secoad unless indicated
otherwilse

n " propeller speed, revolutions per second

D propeiler diemeter (2.167 £t)

and

o] mase density of alr, siugs per cubic foot

a angle of attack of thrust axis relaﬁive to free-stream

~direction, degrees
v o angle of yaw, degrees , ‘ .
control-surface deflection, degrees

B propeller-blade aengle at 0.75 redius, degrees

ny neutral-point locatibn, percent M.A.C. (center-of -gravity
location for neutrel stability in trimmed flight)

c.8- center of gravity

¢ horizontal-stabilizer,qetting relative to thrust line, degrees

n propeller efficlency, ﬁercent |

PW. propellers windmilling‘

R.P. rated power

A.P. asymmetric power (left outboard propeller windmilling and

remaining engines operating at rated power)
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Subscripts:
e elevator v ‘ ' -
r rudder
a aileron
£ flap
max maxirmm
v denotes rate of change of coefficient with respect to yaw
Cp
example Cp = —
p IlW aw
a denotes rate of change of coefficient with respect to angle
' &
-of attack (%xample Cha = 1;%
o) | denotes rate of change of coefficient with respect to control-
: ; ‘ C :
surface deflection (%xample -Ch5 = Ei?

DESCRIPTION OF ATRPTANE AND MODEL

Airplane

The full-scale twin-boom airplane corresponding to the model used
in this investigation would have a design gross weight of 177,500 pounds,
& wing area of 7920 square feet,' and a span of 290 feet. The power
-plants would consist of four Pratt & Whitney R-2800-C englnes in tractor
installation driving 15-foot-diameter four-blade propellers. The proposed
all-wing airplane, to which comparison will be made in this paper would
have the same wing except for an upward instead of a downward reflex at
the trailling edge and four vertical surfaces located at the tralling edge
of the center section. The importent physical and dimensional character-
istlics of both airplenes, based on the design of the %-scale models,

are presented in table I.

Model

As a matter of expedience the %-scale model of the all-wing airplane,

described in reference 1, was utilized in the present investigation by
inverting the wing, removing the four vertical tail surfaces, and
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installing a twin-boom tail. The 0.13c plain flep for the twin-boom
airplane was located at the trailing edge of the center section between
the taill booms and replaced the original elevator of the all-wing design.
The small smount of negative dihedral that resulted from inverting the
original wing to obtain some effective camber would be expected to reduce
the dihedral effect somewhat, but would not be expected to introduce any
first-order effects on the other aesrodynamic characteristics. It was
possible to utilize the advantage of increased effective ceamber of the
inverted original wing and to comperisate for the resulting change in trim
by the addition of the horizontal tail.

Photographs of the twin-boom model tested in the Langley full -scale
tunnel are shown as figure 2,and three-view drawings of the twin-boom and
all-wing models giving essential dimensions are shown as figure 3. The
wing, of aspect ratio 10.6, consisted of two highly tapered outer panels
attached to a constant-chord center section. The airfoil sections were
modified NACA 6-series type with the rear 15 percent of the tralling edge
reflexed downward along the entire span.

The solid mshogeny control surfaces included & constant-percent-
chord aileron ocn the right outboard panel, a vertical tail surface on the
end of each boam, and a constant-chord horizontal tall surface placed
between the vertical fins. The boom angle of 13° relative to the thrust
line was determined from conslderations of the requirements for landing.
The blunt-nose plain-flap-type control surfaces were not sealed and were
not equipped with tabs. The control linkages projected outside the skin
line on the model but were covered with streamline falrings to minimize
the drag. (See figs. 2(b) and 2(c).)

The model was powered by four 56-horsepower, three-phase induction
motors located in the center section of the wing. Power was transmitted
to the four-blede propellers of right rotation by direct drive through
extension shafts. The model was not equipped with & landing gear and the
nacelles had neilther internal ducting nor cowl flaps.

METHODS AND TESTS

The %&scale model of the twianéom airpiane was mounted on two main

support struts and a forward strut which, by varylng the length, provided
s means of changing angle of attack. The full-scale tunnel and balance
system used for the tests are described in reference 2.

To simmlate the flight thrust-lift relationship in the wind tunnel,
a thrust calibration of the model propellers was made at a tunnel speed
of approximately 55 miles per hour. The effective thrust coefficient T.'
for the model propellers was determined from the difference between the
propellers -operating and propellers-removed longltudinal-force coefficients,
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obtained with the model in the attitude for zero 1ift with all controls
neutral. The model propeller blades were set at 17° at the 0.75 radius
for these tests, which enabled the model to duplicate nearly the flight
torque-1ift relationship and to duplicate exactly the flight thrust-

1ift relationship. The calculated flight thrust-lift coefficient curves
for single-englne operation at constant rated power at sea level are
shown in figure L along with the torque-lift coefficient curves for flight
and for the model with propellers set at 17°. The curve of Tc' plotted

against Cy for one propeller windmilling is also included.

All data presented in the paper have been corrected for wind-tunnel
blocking and Jet-boundary effects by the methods of reference 3 and for
the drag tares of the support system. Pitching moments have been based
on the mean aerodynamic chord. -

The tests of the Ahscale model of the twin-boom airplene consisted

mainly of elevator-, rudder-, and aileron-effectiveness tests at zero yaw
and rudder tests with the model yawed to angles of approximately +59, +10°,
and 15° with the flap both retracted and deflected 400. Elevator and
rudder hinge moments were measured at zero yaw. In addition, tests were
made to determine the flap and horizontal-stebilizer effectiveness. The
stalling characteristics of the wing were obtained for an angle-of ~attack
range through the stall with the propellers windmilling.

The propellers-operating elevator tests were made with the flap both
retracted and deflected 4O° by the constant-thrust test method in which
several thrust coefficients were held constant through- the range of
elevator deflections tested at a given engle of attack. In the rudder
tests at all yaw angles, the propellers-windmilling power condition was-
run with the flap deflected 40°; the rated and agymetric power conditions
were run with the flap retracted. In addition, at zero yaw the propellers~
windmilling condition was run with the flap retracted and the rated ~-power
condition with the flap deflected 40°. Tests with agsymmetric power
consisted of three-engine operation at rated power and with the left
outboard propeller windmilling. The constant-rated-power thrust-1ift
coefficient curve of figure 4 that was employed for all the tests at
zero yaw was also used for the rudder tests with the model yewed .

All tests of the present investigation were made at a tunnel alrspeed
of about 54 miles per hour corresponding, at standard conditions, to a
Mach number of 0.07 and a Reynolds number of approximately 1,980,000 based
on the mean aerodynamic chord.

RESULTS AND DISCUSSION

Pregsentation of Results

3

The results of the present investigation are given in the sumary
curves of figures 5 to 17 which are derived from the original test data
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presented in figures 18 to 35. The originel data are presented for the
most paert as verlations of force, moment, and hinge-moment coefficlents
with control-surface deflection for & range of angle of attack at a given
povwer condition, flap position, and angle of yaw. The greater emphasis
in the discussion of results 1s placed on the summary curves, which
include the longitudinal and directional stabllity and control-surface
characterlistics, and on the performance estimates for the airplanes. All
moments of the basic data were calculasted about an arbitrary center of
gravity located at 25 percent of the mean aerodynamic chord projected
into the plane of gymmetry on the thrust line. It was estimated, however,
that the addltion of the twin-boom assembly would result in a rearward
shift In the center of gravity from that used in the all-wing design.
Consequently, for the purpose of analyzing the longitudinal stebility

and control of the twin-boom design, a center-of-gravity location of

23 percent mean asrodynemic chord was chosen for the trim elevator deflec-
tion and hinge-moment summery curves. The yawing-moment and trim rudder-
deflection summary curves are presented for the 25-percent center-of-
gravity position inasmuch as they woild be affected only slightly by the
2-percent shift.

The basic elevator, rudder, and alileron test data of the twin-boom
model are presented with the horizontal: stabilizer set at angle of 5.40
to the thrust 1line. The data in the summary analysls related to longltu-
dinal stabllity and control, however, are presented for a gtabilizer
setting of 1.4° which, as shown in the stabilizer effectiveness curves
of figure 19, provides trim for zero elevator deflection at an assumed
cruising 1ift coefficient of 0.k.

The flap-deflected tests were run with the plain flap deflected 40°.
The flap-effectiveness curves of figure 20 show that the maximum 1ift
coefficient increases with flap deflection, but for deflections greater
than 40° there 1s no further gain in the meximum 1ift coefficlent.

The tests of the all-wing model were conducted at somewhat higher
povwer conditions than for the twin-boom model, and therefore, in this
comparison analysis, the propeller-operating data of the all-wing tests
have been ad justed to the same power or thrust-1ift relationship as for
the twin-boom tests.

The results are discussed in the following sections: "Static Longl-
tudinal Stability and Control," "Static Directional Stebility and Control,"
and "Performance Estimates." Tables showing stabllity and control-
surface parameters for both the twin-boom and all-wing models are presented
in the text to aid in the comparison of the aerodynamic characteristics
of these two airplenes.

Static Longitudinal 8Stability and Control

Longdtudinal stability.- The stick-fixed neutral-point curves of
figure 6 were determined from the pitching moment - 1ift coefficient
curves of figure 5 by the methods of reference L. 1In general, the
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twin-boom airplane will be about neutrally stable over the lift-ccefficient
range for a center of gravity located at 25 percent mean aerodynamic chord.
At the design center-of-gravity location of 23 percent mean aercdynamic
chord the airplane will have about a 3-percent static margin in the high-
gpeed range with rated power and about a S-percent margin at low speed
with propellers windmilling and flap deflected 40°. A single instance of
a large degree of instability is shown for the flight condition of rated-
power operation with the flap deflected 40°. This instaebility is probably
caused by the horizontal tail entering a region of increasing downwash
resulting from the combination of the flap deflection and increased slip-
stream over the wing center section at the high thrust coefficients. As

is shown .later in the paper, this flap is not an effective high~1ift device
and also contributes an increment of drag sufficiently high to reduce
geriously the climbing ability of the airplane. In low-speed flight with
high power, the flap, therefore, would not be deflected, and acccrdingly,
the longltudinal instability indicated for this flight condition has

little significance.

The all-wing model has a similar varlation of neutral point with
1ift coefficlent or alrspeed and a larger static margin for the rated-
power condition. However, in landing attitudes at high angles of attack
with propellers windmilling, the all-wing model shows less static margin.
It was found in the tests of the all-wing model that the instability in
this condition was associated with extensive tralling-edge separation
along the entire spanj; whereas for the twin-boom model, the flow in the
center section remained undisturbed even at the higher angles of attack
(fig. 18), thereby meintaining 1ift and stability.

Although sufficient data are not available for a complete determina-
tion of the stick-free neutral points, an indication of the stick-free
stability is given by the variation of the pitching-moment coefficient
for Che = 0 with 1ift coefficient in figure 7. The slopes of the

pitching-moment curves for the center of gravity located at 23 percent

of the mean aerodynemic chord indicate that the airplane will have about
neutral stick-free longitudinal stability for all the conditions investi-
gated. In comparlson, the all-wing airplane was longitudinally stable,
elevator free, for all power conditions tested.

Longitudinal control .- The variations of elevator deflection for
trim with airspeed (fig. 8(a)) indicate that for the center of gravity
located at 23 percent mean aerodynamic chord the elevator-deflection range
is sufficient to trim the twin-boom alrplane for all power conditions
tested. All variations are generally stable or neutrally stable except
for the condition of rated power with flap deflected which has previously
been shown by the neutral-point variation to be longitudinally unstable.
‘The twin-boom airplane possesses less stable trim elevator-deflection
variations with airspeed than the all-wing alrplane because of the
combination of 1ts lower degree of static longltudinal stability and
increased elevator effectiveness.
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With the teb neutral, the full-scale elevator hinge moments are
comparatively lower for the twin-boom airplane with flap rstracted
(fig. 8(a)), (not exceeding 900 pound-feet) but are much greater with
flap deflected (up to 3000 pound -feet) then those for the all-wing air-
plane. The hinge-moment characteristics for the twin-boom airplane in
flight and trimmed at specific airspeeds are shown in figure 8(b) to be
about neutrally stable in the high-speed range and to have some degree of
instability in the very low-speed range. The hinge moments for the
trimmed conditions are considerably lower than those with the tab neutral.

The Ch5 and Cp, values for both the twin-boom model and the all-

wing model of reference 1 are compared for similaer test conditlons in. the
accompanylng teble.

COMPARISON OF (Ch5)59=oo AND (Ch“)Se-_-oo
All wing . Twin boom
« __.Chb (per deg) « Be Chg (per deg)
(deg) PW. R.P. (deg) (deg) PM. R.P.
1.3 -0.0071 | -0.0095 1.3 0 -0.0130 | ~0.0115
4.0 -.0063 -.0105 4.0 0 -.0110 -.0117
6.7 -.0059 -.0129 6.7 0 -.0101 -.0109
8.8 -.0064 -.014% 8.8 Lo -.0116 -.0143
11.3 -.0075 -.0157 11.3 4o -.0108 -.0148
@ Chy, (per deg) ‘a b Cpy, (per deg)
(deg) P, R.P. (aeg) | (aee) PW. R.P.
1.3 -0.0032 | -0.0046 1.3 0 -0.0021 | -0.0016
4.0 -.0030 .0010 4.0 0 -.0031 -.0025
6.7 -.0030 .003k4 6.7 0 -.0025 0
8.8 -.0030 -.0003 8.8 4o -.0027 -.0041
11.3 -.0027 | -.0012 11.3 Lo -.0013 -.0109

The hinge-moment paramsters for the twin-boom airplane show that the
application of full power has very little effect on Chs in the lower

angle-of -attack range with the flap retracted. With the flap deflected,
however, Ch6 does increase from about -0.0110 to -0.01l45 in the high

angle-of -attack range with full power. There is, in general, a flight
reduction of Ch6 with increase in angle of attack for all conditions

of power and flap deflection presented. With the propellers windmilling,
the values of Cha are of the order of -0.0025 and show no consistent
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variation with angle of attack. The effect of power is to produce
values of Chm less negative for the flapineutral case but, conversely,

to produce a rather large negative increase with the flap deflected 40°

The comparison between the two designs shows that with the propellers
windmililing the twin-boom alrplane has about a TO-percent increase in the
negative values of Cha' With rated power, there is very little variation

of Ch6 with o for the twin-boom alrplane for a given flap setting,
although for the all-wing design, there is a decided increase in Ch8

with angle of attack. The twin-boom airplane has slightly less negative
values of ChOL wilth the propellers windmilling, whereas wilth rated power

applied it has, especially at high angles of attack, more negative values
of Cha than the all-wing design.

The negative values of Ch5 are very high, and lnasmuch as this is

a characteristic of the plain-flap type of control surface it would not
be a suitable design for such a large airplane. In addition to a control
surface carefully balanced aerodynamically, which would reduce Ch8 to

values of the order of -0.0020, the incorporation of a power-boost system
would probably be required to maintain control forces within acceptable
limits. v

Elevator effectiveness.- The elevator effectiveness for the two air-
plane designs, as indlicated by the relation de/dS s is presented in the

following table .

COMPARISON OF (dCm/dBe )y 00
e=

All wing 1 Twin boom

o dC, /a8, (per deg) o Bp dCp,/d8e (per deg)

(deg) PW. | R.P. (deg) (deg) PM. R.P.
1.3 -0.0024 | -0.0030 1.3 0 -0.0055 | -0.0069
L.o -.0025 -.0032 4.0 0 -.0055 -.0068
6.7 -.0026 -.0042 6.7 0 -.0056 -.0064
8.8 -.0024 -.0043 8.8 Lo -.0070 -.0072
111.3 -.0019 -.0044 11.3 4o -.0048 -.0072

For the twin-boom alrplane with propellers windmllling, the effective -
ness paremeter is esgentlally a constant value of -0.0055 with flap
retracted. Deflection of the flap 40O increases this value to about -0.0069.
The effect of applying rated power to the flap-retracted condition is to
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The slopes in the table indicate the characteristices of the models
for zero yaw but also represent the characteristice over the entire yaw
range because of the linear variation of Cp, Cy, &and Cy with ¥

shown in figure 9. The directional stability of this design is shown to
be very low with CnV ranging from a minimm value of ~0.00045 with

propellers windmilling to & maximm value of -0.00078 with asymmetric
power. There 1s an increase in Cn* with Increased angle of attack.

Although these wvalues of Chy &re quite low for the twin-boom design

v

they are approximately 45 percent greater than those for the all-wing
airplane.

The epplication of high power produces & positive side-force incre-
ment, and, as shown in the teble, increases the value of CYW from

0.0031 with propellers windmilling to 0.0046 for rated power at the
highest angle of attack investigated for the two power conditions. The
lateral force developed by the twin-boom design renges from 10 to 30 per-
cent less than that produced by the all-wing airplane. The lateral-
force characteristice that would occur with the alrplane trimmed direc-
tionally (fig. 10) show only slightly stable CY variations against

angle of yaw. The maximum value of CY*trim of 0.0010 is about one-half
that for all-wing airplane. '

The dihedral effect for the twin-boom model is very low and of small
negative value. This condition should be expected since the wing
Possesses a small amount of negative geometric dihedral. The values
of ClW’ a8 indicated in the teble, show no systematic variation with

angle of attack or power and are about -0.00020 for all conditions tested,
except for propellers windmilling at the highest angle of attack
where CZW 1s 0.00100. Except for this stalled angle of attack, the

effective dihedral angle ranges from about O to -2° for the conditions
investigated. The higher degree of positive dihedral effect at the
highest angle of attack is explained by the combined effect of yaw and
the negative dihedral to increase effectively the angle of attack, thereby
inducing 'stall on the trailing wing and producing & positive dihedral
effect. The tendency for the wing to roll to the left at zero yaw ag
the angle of attack is increased (fig. 9), is caused by the greater area
of stall on the left wing panel shown by the stall progressions of
figure 18. For the most part the effective dihedral is nearly the same
for both the designs except for the change in sign resulting from the
opposite geometric dihedral used for the two wings.

The aileron charecteristice for the twin-boom airplane (fig. 29)
are very similer to those of the all-wing configuration in that the rate
of change of rolling moment with aileron deflection is nearly linear up
to alleron deflections of about 20°. At higher alleron deflections,
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alleron stall causes a reduction of effec%iveness for both alrplanes.
It 18 estimated that the rolling moments developed with the twin-boom
airplene yawed 15° can be trimmed out by aileron deflections of about 5

The pitching-moment coefficients are essentially constent in the
yaw range between #10° for the angle-of -attack range and power conditions
investigated (fig 11). A rapid destabilizing pltching-moment trend is
shown ebove 10° yaw which becomes very pronounced at the highest angle
of attack for each power condition. The cause for this longitudinal
instability is not clear from the data availasble, but it is possgible
that at the high angles of attack and high angles of yaw the wing and -
boom wakes may have Incurred some loss of 1ift at the horizoftal tail.
The loss of the slipstream of the left outboard propeller for the
asymmetric-power case appears to aggravate this nose-up pitching tendency,
which indicates the presence of poor flow that is partially controlled
by the propeller slipstream. There is some reduction in the 1ift coeffi-
cilent shown in figure 12 as the yaw angle is increased, so there is Justi-
fication for assuming that the loss in 1lift at the tail is a contributing
factor inasmuch as the wing itself is not sufficiently stalled to produce
such a severe pltching tendency at the angles of attack considered. An
elevator deflection of approximately 5° will offset any pitching moment
due to angle of attack or power variafion over & yaw range from -10°
to 12° Higher positive yaw angles will introduce undesirable longitudinal
Vontrol characteristics, although as it will be discussed later, the
trimmed yaw renge never exceeds 10°, thereby decreasing the significance
of this longitudinal instability.

Directional control.- The rudder deflections required to trim the
alrplane directionally et zero yaw are shown in figure 13 to vary from
about 2° left to 10° right for the flight conditions investigated. With
the propellers windmilling there 1s no variation of trim rudder deflection
with airspeed. For the other power conditions the trim rudder deflections
increase to the right continuously with decreased alrspeed.

The variations of trim rudder hinge moment with airspeed show that
for the propellers-windmilling flap-retracted condition there is zero
hinge moment throughout the speed rangs. For all other conditions of
power and flap deflection the hinge-moment variations are such that
increasing right pedal forces would be required with the rudder deflections
to the right as the alrspeed 1s decreased. These variations are an
improvement over the wlde range of forces that were found in an unpub-
1lished analysis to be required to trim, directionally, the all-wing
alrplane. .

The hinge-moment varlations with rudder deflection in figure 30 show
continuous and smooth curves of Chr against By over the complete

deflection renge. In the low deflection range of ilOO, however, the

glope of the hinge-moment curve is about one-half that in the higher
deflection range. A comparison of the rudder hinge-moment characteristics
for the twin-bcom and the all-wing airplanes is given in the following
table:
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& % COMPARISON OF (dCp../d
: o .oooo. . ’ ’ ( hr/ 5r)6r} .’k:OO
‘ ot | ALl wing Twin boom
e Test @ aCh /aby @ 8 | dCh,/d8y
condition (deg) (per deg) (deg) | (deg) | (per deg)
2.1 -0 .0047 2.1 0 -0 .0020
4.9 -.0052 k.9 0 -.0020
7.7 - .0056 7.7 0 -.0020
P.W. 10.4 -.0060 10.4 40 -.0016
12.3 -.0061 12.3 Lo -.0016
15.2 -.0061 15.2 Lo -.0016
1.2 - .0040 1.2 0 -.0030
3.1 -.0046 3.1 0 -.0028
R.P 5.8 -.0058 5.8 0 -.0026
8.4 -.0071 8.4 4o - =.0039
ll 02 “00081 ll l2 )4-0 "OOO)‘"O
4.9 -.0052 4.9 0 -.0033
AP 6.7 ~-.0056 6.7 0 -.0032
e 9.4 ~.0061 9.4k 0 -.0029
12.2 -.0065 12.2 0 -.0027

For the twin-boom ailrplane there is very little effect of angle of
attack on the rudder hinge moments,but there is about a 55-percent incresase
resulting fram application of rated povwer &nd a 30-percent further increase
at rated power with the flaps deflected 40°. For the conditions investi-
gated, dCp,./d8r values range from -0.0016 to -0.00L0. For the all-wing

airplane, with the rudders located at the wing trailing edge, dChr/dér

increased with increased angle of attack and with power at high angles of
attack. For the all-wing design, the slopes renge from -0.00L0 to
about -0.0080 or nearly double those of the twin-boom airplane.

The power of the rudder to trim the airplane in yaw is shown in
figure 10 to be rather low. In the small range of yaw between +4° the
rudder deflection required for trim is about 2° per degree of yaw. For
yaw angles greater than +4°, however, large lncreases in the rudder
deflection are necessary to trim out small Increments of yaw, such that
at the maximum deflection of the rudders to the right (30°) the limiting
trimmed yaw attitude is 8.5° with propellers windmilling near the stalling
engle of attack. Application of rated and asymmetric power increases the
trim-deflection angle to the right at zero yaw and consequently decreases
the range of slideslip to the right although essentlially the same character-
istic trends of 8, with ¥ are observed as for the propeller-windmilling
condition. These resulte are very similar to thoze of the all-wing air-
plene except that the rudders were capable of trimming the all-wing alrplaene
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to somewhat higher angles of yaw. The large rudder deflections required
in yew will result in very high rudder hinge moments which will require
a power-boost system to produce pedal forces within acceptable limits.

Rudder effectiveness.- In the trim rudder-deflection curves against
yaw the power of the rudder was shown to be quite low, especially in the
deflection range greater than sabout +10°. The characteristics of the
rudder in low deflection range are indicated by the parameters Cn5

and CY8 in the following teble for both the twin-boom and all-wing

airplanes.
COMPARISON OF (dCp/d%r and dCY/dbr)*’ 8,=0
, All wing . Twin boom
Test
omattion | & | @on/a8, | dCy/asy @ dCn/ddy | daCy/ddn
(deg) |(per deg){(per deg) | (deg)| (deg)|(per deg)|(per deg)
2.1 |-0.00029 | 0.0028 2.1 0 | ~0.00015 0.001k4
4.9 | -.00023 0024 4.9 0 -.00015 L0014
. 7.7 | -.00020 .0023 7.7 0 -.00015 0014
P.w. 10.4 | -.00021 .0023 10.4 | Lo - .00026 .0013
12.3 | -.00022 .0022 2.3} Lo -.00026 .0013
15.2 | -.00022 0021 15.2 1 40 -.00026 .0013
1.2 | -.00027 0025 1.2 0 -.00028 .0016
3.1 | -.00026 0027 3.1 0 -.00029 .0015
_R.P. 5.8 { -.00031 .0032 5.8 0 -.00029 .0017
8.4 | -.00037 .0038 8.4 k4o -.00033 .0016
11.2 | -.00040 | .00k 11.2] L0 -.00033 .0018
4.9 | -.00026 0027 4.9 0 -.00031 L0014
6.7 | -.00028 .0028 6.7 0 -.00032 .0015
A.P. 9.4 | -.00030 .0029 9.4 0 ~-.0003% .0015
12.2 | -.00030 .0031 2.2 0 -.00036 .0016

For the rudder-neutral zero-yew conditlion the two airplane designs
have approximately the same degree of rudder effectiveness, with the
greatest variation shown for the propellers-windmllling flap-retracted
condition. Values of an/dt‘)r range from -0.00015 to =0.00040 for all

the conditions investigated. The effectiveness of the rudders is increased
nearly two-fold by propeller operation at rated power and by deflection

of the flap with the propellers windmilling. The reduction in rudder
effectiveness in the high deflection range (figs. 27 and 28) is attributed
to separation occurring over the control surfaces at high angles of attack.
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The silde-force variation (dCY/dSr) for the twin-boom model shows
very little variation with angle of attack, flap deflection, or power and
has an average value of about 0.0015 which is approximately one-half of
that shown for the all-wing airplene. As in the case of the yawing moments,
there 1s an appreciable reduction in the slope of the curve of lateral-
force coefficient against rudder deflection as the rudders are deflected
beyond $10° (figs. 27 and 28)

Performance Estimates

The results of the present series of tests and the tests of refer-
ence 1 offer an opportunity to compare the performance of these two air-
plenes. The data show that the stability and control characteristics of
the alrplanes are simllar so that they should represent directly comparable
alrplanes for such an analysis.

The 1ift eand drag data, however, indicate that, although & perform-
ance comparison can be made for these specific airplanes, no general
conclusions as to the relative performsnce of the two types may be made.
Comparisons of the lift-drag coefficient curves for the propellers removed,
propellers windmilling, and rated-power conditions (fig. 14) show that,
with propellers removed, the basic drag coefficient of the twin-boom air-
plane is about 0.0050 higher than the all-wing airplane in the C, range
from 0.2 to 0.8. At 1lift coefficients greater than about 0.95, however,
the drag coefficient of the all-wing airplane is greater then that for the
twin-boom airplane because of the greater angle of attack required to
maintain the same 1ift cosfficlent. With the propellers installed and
windmilling, the drag of the all-wing airplane is greater than that for
the twin-boom airplane above 1lift coefficlents of about 0.5 and is essen-
tially the same at lower 1ift coefficients. The lift-drag coefficient
curves for the rated-power condition show a similar trend thus providing
greater excess thrust for the twin-boom alrplane at the higher 1ift coef-
ficients. There is evidently an adverse effect of the tractor-propeller
configuration on the drag characteristics of the all-wing airplane. There-
fore, the performance characteristics of these specific airplanes should
not be regarded ag indicative of the relative performance of the general
types of tail-boom and all-wing airplanes.

The trimmed meximum 1ift coefficient with the propellers windmilling
is increased from sbout 1.03 for the all-wing airplene to about 1.31 for
the twin-boom airplane with the flap deflected 40°. As described previ-
ously, the wing of the all-wing configuration, having an upward reflexed
tralling edge, was inverted and used for the twin-boom design, and thereby
gome additional cember was introduced into the wing by directing the
reflex of the trailing edge downward. Thus the major contributing factor
toward increasing the maximum 1ift coefficient from 1.03 to 1.31 ie the
increased effective camber of the wing and to a lesser extent the flap
deflection of 40°. The increase in CLmax represents an appreclable

reduction in the stalling speed at sea level from 92 to & miles pér hour.

- The top speed of each alrplane with rated-power operation is about

200 miles per hour.
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In order to facilitate the performance estimates of the two designs,
comparisons of the drag coefficlents are presented with controls neutral
inasmich as the drag of deflected controls (figs. 15 and 16) is small in
the low deflection range required for trim. The variations of drag coeffi-
cient or longitudinal-force coefficient with airspeed for the propellers
windmilling and rated power conditions are given in figure 17. As
previously discussed, thsre is essentially no change in the drag of the
two airplanes below a 1ift coefficlent of about 0.5 or above a speed
of 130 miles per hour, but there is less drag and therefore an excess
of thrust for the twin-boom airplane at speeds below 130 miles per hour.
Therefore the twin-boom alrplane will have improved take-off and landing
performance but will have essentially the seme range and rate of climb
as the all-wing airplene.

_ The values of the maximum lift-drag ratio increase from about 19 with
propellers windmilling to about 23.5 at rated power for both designs at
a 11ft coefficient of 0.45 or a speed of about 14O miles per hour. The
estimated range for each airplane, therefore, based on a cruising speed
of 140 miles per hour and a fuel capacity of 6000 gallons, is sabout

3500 miles. The meximum rate of climb for each airplene 1s estimated to
be sbout 600 feet per minute, at a flight speed of about 135 miles

per hour. The take-off run for each airplane was computed assuming a
level field, no wind, and a take-~-off speed of 100 mlles per hour. On
this basig 1t 1s estimated that the twin-boom airplane will require a
43100-foot take-off run or about 300 feet less than the all-wing airplane.
Also, the twin-boom airplene will require a distance of about 4900 feet
to clear a 50-foot obstacle on take-off as compared to about 5L00 feet
for the all-wing alrplane.

The excesslve distances required for take-off, the low rates of
climb, and the low cruising and maximum speeds all show clearly that
these alrplanes are underpowered. An analytical study (reference 5) of
the comparetive performsnce of different types of alrplanes shows that,
for an all-wing airplane, the minimm total power to provide an adequate
mergin of economy and performence is of the order of 21,000 brake horse-
power, which is an increase of about three-fold that used for the designs
in thie investigation.

SUMMARY OF RESULTS

Tests of a %—scale powered model of a twin-boom alrplane have been

made in the Langley full-scale tunnel to obtaln a comparison of 1ts
stability, control, and performence characteristics with those of an all-
wing model of similar proportions previously investigated. The significant
results of the investigation are summarized as follows:

1. At the design center-of-gravity location of 0.23 mean aerodynemic
chord, the twin-boom airplane will have about a 3-percent static margin
in the high-speed range with rated power and about a 5-percent static -
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margin at low speed with propellers windmilling and flap deflected L4O°.
e M In comparison, the all-wing airplane has somewhat larger static margin
‘ for rated-power operation but much less static longitudinal stability
-§..' at low speeds with propellers windmilling.

s v, 2. The twin-boom airplane possesses generally stable or neutrally

** stable variations of trim elevator deflection with airspeed for all condi-~
tions except for rated power with the flap deflected. The twin-boom air-
plane has less stable trim elevator-deflection variations with airspeed
than the all-wing alrplene because of the combination of i1ts lower degree
of static longitudinal stability and increased elevator effectiveness.
In general, the twin-boom ailrplane has neutrally steble trim elevator
hinge-moment variations with airspeed as compared to the more stable
variations for the all-wing airplene.

3. The elevators for both the twin-boom and all-wing designs have
Cha values of about -0.0025 per degree with propellers windmilling but

the twin-boom configuration has greater negative values (up to -0.0109)
with rated power. The twin-boom alrplane has Ch6 velues ranging from

-0.011 to -0.015 per degree with ‘rated-power operation and from -0.013 to

-0.010 per degree with the propellers windmilling for the. conditions
investigated. The all-wing airplene has campareble Cha values with
rated-power operation but has Chg -values about TO percent lower with
the propellers windmilling.

@

4. The elevator effectiveness of the twin‘boom airplane, as measured
by dCp/dd,, ranges from -0.0055 to -0.0072 per degree for all conditions
" tested and is about twlce that of ithe all-wing configuration.

. \ _
>+ The twin-boom airplane has static directional stability with
rudders fixed, with the an parameter ranging from -O. 00045 to

-0 .00078 per degree for the conditions tested. ., Although these an values
are low, they are sbout 45 percent greater than those determined for the
all-wing airplane.

‘ 6. The side force developed by the twin-boom eirplene in yaw 18 very
low (CYWtri % 0.0010) and is approximately one-half that for the all-
wing alrplane.

T. The effective dihedral angles for both the all-wing and twin-boom
airplanes range from 0° to #2° for angles of attack below the stall.

8. Both the twin-boom and all-wing alrplane have stable or at least
. neutrally stable trim rudder-deflection and hinge-moment variations with
L airspeed. The all-wing airplene, however, has an undesirsble power effect
on the rudder characterlistics. The values of the rudder hinge-moment
parameter Cpg, which range from -0.0016 to -0.00L0 per degree for the

'. twin-boom airplane, are sbout one-half those for the allfwing alrplane.
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" 9. The power of the rudder to trim the twin-boom airplane in yaw is
low. In the landing attitude with prOpellers windmilling, maximim rudder
deflection of 30° will trim only 8. 50 of yaw. The rudder power of the
all-wing airplane was somewhat greater, providing a trimmed yaw range
from 2° to 5° beyond that for the twin-boom airplane.

10. The rudder effectiveness was approximately the same for both
designs Investigated in the low rudder-deflection renge with values
of dCp/ddr renging from -0.00015 to -0.00040 per degree for the condi -
tlons tested.

11. The maximm trimmed 1ift coefficient for the twin-boom airplane
is 1.31 compared to 1.03 for the all-wing plane, giving & reduction in
stalling speed of from 92 to & miles per hour. This increase in CLma.x

for the twin-boom alrplane 1s accomplished largely by the increased
effective camber of the wing resulting from a downward reflexed trailing
edge. The top level flight speed of each alrplane at sea level with
rated power is about 200 miles per hour.

_ 12. The twin-boom airplans will have about a 7 percent shorter take-
off run and will require about 9 percent less distance to clear a 50-foot
obstacle than the all-wing airplene. Both airplanes have essentia.lly the
same perfoma.nce 1n renge and rate of climb.
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5 o! TABLE I
8 sece »
. . PHYSICAL ARND DIMERSIONAL CHARACTERISTICS OF SIMILAR ALL-WING
e 00 '
vaee AND TWIN -BOOM-TATL ATRPLANES BASED ON }T-SCALE MODELS
-q'c: '
0 . .
: o All wing Twin boom
*
* Dosign gross welght,; 1b « o « o v s v o s o s u e u b ua s . 175,000 177,500
Wing:
Are8; B Pt « ¢ 4 4 v 4 e et e e s e b e e e e s e e .. TR0 7920
L W - o 290
Mea.na.erodynamicchord,ft...,..............27.3 27 .3
Location aft of root chord leading edge, £t +» « » « + + = 1.74 . 1.74
ABPoct TELIO & ¢ o 4 o v 0 ¢ 4 e e e s e s 4 e e e e e s . 1046 10.6
Taper 8610 o o ¢ ¢ o 4 4 4 ¢ 4 5 s 4 s s s 6 s s s e e o o 0.20 0.20
Root section (symmetrical to.0.85c) . . . . . . . NACA 63,4020 NACA 63,4-020
Tip section (symmetrical to 0.85¢) -« « o« « o & . RACA 65,3-018 NACA 65,3-018
Trailing-edge reflex modification aft of 0.85¢ « . . . . . Upwand Downward
Dihedral, cuter panel, deg o « « &+ « o o « s ¢ o s o s & 2 o o 1.7 -1.7
Wingt‘wist,deg......................,.V.O 0
Bweepback of 20-percent chord 1ine, deg « o o « s « « o o + & + 0 0
Wing 1o8ding, 1b/8Q £t o + s « « o o o o o o o0 o o s o o & 22.1 22.4
Hortzontal tail:
Total 8re@, 8 £t o « o o o o« o ¢ o o o s s o s ===cccmmmcameee~a Lo6
Elevator area aft of hinge 1ine, 8q £ - = « o « o« + o « & + & 193 203
Elevator balance, percent T - 5.8
BDAN, FL « o + o v o o 4 4 0 o a a a e e e e e e e e . L82 4.9
: Root-mean-square chord, £ ¢ + o + « + o « ¢ & o » o s o ¢« o » o &4 k.51
» Hinge line, percent wing chord « « o« + 4 & o « « « o « o & & 90  mmmemeeeeeeoo
* Hinge line, percent stabilizer chord « « « « o o ==cc-ceccccmmnaan 50
M&xim.nndeflgction,d.eg ® ¢+ s s s ¢ s e s s e o e s s e s 10, -30 10, -30
¢ Vertical tail: ~
Total are@, 8 £ ¢ « e = o v o 2 o o o s+ o v o o s « s o « » &0 koo -
Rudder area aft of hinge line, sq ft, totel . « . « + « « « . 267 137
Rudder balance, percent « « « « o « ¢ s o 4 o .o 6 0 s . 125 10.9
Vertical-tail height above wing treiling edge, ft + « « . . 19.8 28.8
Rootemean -square rudder chord, ft D o ) 3.18
Hinge line, percent of fin chord « « o « o « o e ¢« v o o o « & T0 70
Ma.xinmmdeflection,deg...................¢3O +30
Alleron:
Area aft of hinge linejeach, 8¢ £t « o « ¢ ¢« o v ¢ v o s o + « 277 277
Alleron balance, percent « o + o « o ¢ 40 ¢ s 6 s e e o . . 15.4 15.4
SPAN, TL + o ¢ 4 v o v o s 4 s o bt e s e e e e e e S0 90
Root-mean-square chord, ft o« + o « o « o ¢ v ¢ o o o o & o« & 3.24 3.2
Hinge line, percent wing chord + « « ¢« 4 o + o ¢+ 6 4 s 4+ ¢ « « & 85
Meximum deflection, deg + o « ¢ o o o 0 s o o o v o o » o 10, =30 10, -30
Fl&p: 1
Bpan, £ ¢ & o ¢ 4 4t 6 4 4 e 4 e 4 s e e 4 e 4 e memmmmemmecemaman 39
Chord, £t + o v o o o o o o o s o + 2 o o o o s =;ccceamcc——cc——- 5.25
Propeller: .
Deslgnation « + o o + ¢ o « o + o s o o » « « Hemilton Standard 6491A-0
6 Diamoter, Tt « o « o v v v 4 v v v i e e e et e e e 0. 15.167 15.167
Number Of DLAAOB o « o « o o o « s o o o o « « o s s o o o°a o o in
GeBr TELIO « « 4 v v v s 4 s e e e s e e e e s e e e .. 0.5 0.45
~TRAGA
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: Figure 1.- System of axes and control-surface hinge moments and
. deflections. Positive direction of forces, moments, and angles
are indicated by arrows.
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Figure 8.- Variation of elevator deflection and elevator hinge moment
for trim with airspeed at sea level. c.g. at 0.23 M.A.C.; iy = 1.49;
6 = 0° &, = 0°.
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Figure 15.- Variatioh of longitudinal-force coefficient with rudder deflection
for the twin-boom and the tailless airplanes at high angles of att%ck.
Propellers windmilling; rated power; &, = 0°; g = o°; 8¢ = 0.
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Figure 16.- Variation of longitudinal~-force coefficient with elevator deflection
for the twin-boom and the tailless airplanes at high angles of attack.
Propellers windmilling; rated power; &, = 0°; 6, = 09 &¢ = 0°.
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Figure 18.- Photographs of the stall progression over the %-scale model

of the twin-boom airplane. Propellers windmilling; controls neutral,
V & 55 miles per hour. ~NACA T

-




-
oot NACA RM No. 18B11
PR g
. [ @]
o P
seoe %‘ © A — ]
spee 8 B\‘Df-o—c~.cﬁ_t . ﬁ%_o_ugo:"ﬁo t de
= C L OES! i = Eye— f — t» GeE
:‘.o.s g Lot S S TR NN W SV A—&%;?\O -3.2 ©
» . lg - 5.8 §
go . 5.8
§
a .
-4
4
=20
4
O
~/6 §
-2 %
-08 g
E
'%n /.4
~04 + 5 I
| 84
| -’ 9l
¥ /9 P il 1.0
.4 , 5 %E}]] v
- i T 5
- : 2 A
2 6 4 i 6 &
g % i
S Ty =
A A ], F
) 4 21 .
E 4 1 2
g [
iy T,
A SLNACA \Ti |
..ZJL : S - L -z
. -2 0 < 8 1z 16 20 -/ 0 /
' Angle of attack, a,dey Pitching-mome‘nt coefficient, Cp,
o - Figure 19.- Effect of horizontal-stabilizer setting on the variation of Cy,

Cx, and C,, with a. Propellers removed; v = 0°; controls neutral.




| :"..E NACA RM No. 1L8Bl11
L
:oon:. US N
% o
(X X 1) §
..:5.. g 0
s 2 EErey e ais 1o B
g _ ‘ k ~
2 ol 2
¥
2 =2
o}
8¢, degi
oo 30 o
150 40 A
49 v
/4
1.2 G ~24
8 ,
® /0 -20
/M| :
? 5 8 W/‘ fl ' , -/6 g
*:J; AL 7% §
§ 6 4 )/// /V% -/ §
E / Ui f
2 : 7 o
A4 4 ﬁ/o// ' 08 3
i % &
7L :
Z W/g/’/v ‘ -.04
O ’)J 0
o STINAGR 7 '

d
. 1|
- 0 A 8 /z /6 20 24

9 Angle of attack, a, deg

é Figure 20.- Effect of flap deflection on the variation of Cip,, Cx, and Cyy
with . Propellers windmilling; ¥ = 0% i = 5.4% controls neutral.




. I..H < .m ‘ . ] ¢ ¢
0 ="9 00="9 PG ="T ‘0 =4 (BurrrToputm saofredoad

“UOT}OBTIOP JI0yeAdTe Im HH pue ‘Xp “Ip jo uonyerres ayj uo uonosfyep delj pue ® JO 108HH

=3 :
oo = fo@ 0= lom
wmor] Fop .o@.coﬁomawu 109BADTE Ox\u umMocy Fop .mm ‘U01909139p J09BAITT d
g i d o t- g- Jl- 9 02- bt~ 8 -
AN v ” 4 + Q +- & 2~ 9~ 0F - 8-
. ’ No
—1 " VIVN _
[T |
e L | e . ,).lllrQu\.Ix,YllLu\lbl
T.\C\\;I»)l\lﬁ‘l.])\..l.\l;.,\l\ = s g o we v
B Ay i - e
) 1 g _ . e =
JE BIUSR N N ey 9 4g 5 e, D= | 1ot 411" o 5
{1 .l.. i 8
‘Il(.ll)l\l?\\\l#\l\.\.l&vl;l\ 8% 7 .M m
b 1y & Lot — 8
Lt not or < UL T £ g
1] v & I _ ¢
— = z2°¢ L ——
N O N b S T\v\“sa\ N.am 21 £o0r P S - — o <
» n'zt LT
b L
gct s e s O O “
b4}
I o
3 S
£ po : ”
[ - A g - — o 33 H
w, N R N . m.m wu» 0 .,
5 P B e e B i 587 B A A s s s e =3 i
08 . B b ——i o i S — i
m o~ L 50T | W“ b0 L6 ; Y]\i.fi]lw uIlHﬁ[ 3 SOt S
AT T i
° R —— = 21 8 L .
m Z/ - o =10 17T | | /f—d ;
— g g F0-rtzy 1 —
z : . =S o SNW. o S
m oo ~ : P e i G -
0 O R e
- d B o
g ad
- 9 5 {5
S LB g
. - - 23
3 B
M - - 5 m O.HH Oﬁ”@//n‘ "o
= mllrﬂHU? - 2 oet PR :
o] M 3 3
-~ 4 4 = o o
< = g0 29 20 e ;
3 MEE D 2 ERE=v N
z :
M Zp o), 2 [ ] | "

L

m- nn u“oo "QQN ) m uooo
& ‘.. [ 13 1 J

'1Z 9an31d



NACA RM No. L8BI1

(a) ;=0

To1 a,deg
14 0.18 O) ]
I .13
s e e AL
$— — 1 —— o A B ¥ 07 ¢,
12 A ] ] e s w0 M ' (}2/ ,
; < I . t”
L 31 1l g
g e e — 03 &b 6.5
© A S O e B S e, s e Ky 08
- 1O —t——t % T ] 7““*"’“;3':::;‘“ s i .0z > ]
s " F— — V- ¥,
3 , »11 4
& — ol s -85@}5.1-
& R I T e s SN e = i SR Y
g 8 < Z 1 ——] ————::i‘ e L02 Q .
R w i =]
; ~— ‘\———————~——C~—“‘"‘r"—" - A -8? A 3
= — . No 4.3 ]
- N &T__,-——_——_—@::::::I.———ﬂ___,_%»/o .02 ©
6 1 s e e e, ]
4
-28 24 =20 /6 /2 -8 s O 4 8
U,D Elevator deflection, 6g, deg Lownr
(b) 6;=40°.
16
Ter  a, dep
0.16 -
.13 2
4 S 104"
I s 2 K .07 g%
; , %ZM v : o N G R -
%+t | Lo — T [ 14 )
12 - S — St ]
k,ﬂgﬁ———;EEi _:),)j 22104
5 =i — —t—+ .05 b —
4= s s e O T B oo e S B R Py
10 2 — > 205 Sy S Il Y
- [ ™"
O 1 5 I
.1
5 05 . -
& —— 0E &s 7
5 8 —f : £ ool O
5 =t [ | | 202 9
3 M |
z NN
5 6 OB L 4 5
E;F,P‘ﬂ_g'f’ ¥ 4 QJ> i
<2 2] ]
G#_______u.g: p— .
g |
| | - g g& 1.5
e R e e . J
_ __________._‘.—t;—,—_—;"‘,,-_—ﬂ:b——-’
2 b S Sem s e e S
SRR
'\f\\/
o | 11
28 24 0 -6 ~/Z2 -8 -4 0 4 8
U,D Elevator deflection, &g, deg DOW/’)

Figure 22.- Effeét of ¢ and TC' on the variation of Cp with elevator
deflection. V¥ = OQ; iy = 5.4°; 6, = 0% &p = 0°.



‘0 =72 {0 =" f{opg=1 1 0=4
"UOT}OSTJSD J0JEBASTS ITM XD JO UOTJeLIEA 8y} U0 uonoefsep defj pue ° ,OL ‘D Jo1oepH -’y eandtg

o~ -3 .
e e o=
- 9. . « - ° )
Moy 2P T Qruo1ioatgap doreets an w7 sap *2Qwo190° 1350 douaars an
& v o - &- 21 Gim  OF- - &2- & v o - - Fi- 9i- Oz - 8-
T 171 #0 T PO
| g\ 20° | a1~ 7 | ot Lf, 10" bt ! et o
|yt N PR S 1 —p—d
T s0* [e] k <Y = — = o
L ﬁ v : - _
. zZo* - ’ - frmt——1 -
0 » 50— —F——
T _ L% ] p— e — 1%
— 9 F—T —t<s
e 0 ¢ o TTT T 1 1 1 ; T T
ﬁ B = t 20 T —f—t—{ O
9y g0 AT ] :
,mo A\,\a.llx\lx o vO-
20— T —r o1 o
- 1% I .
& ot =TT
£ P — - )
=4 &
PO B L9~ 90 == = = 5
2 . e i Tt A
2 o ato £
S— g |, N DR DU W T & N N o
1l e i .nM .20 2 ﬁ
3 o
w AT ] q o 3
| [~3
T e o g 20" g
b8 80° _— o et b @
B — i AT 5
o— - 2 1 50 i
I = b0 £ I —— i o
o 1 2
" s . . . T — T <2
— g0 A°CT = 90 0 =
— U I S B ey > L.
m Go* T .
— 1 3 |
0] &0 200 P - 2O
— oo
S T ° ] =
|1 )
% I ot < L 4
N ﬁmﬁ 1 En_— o ot 41 |- —
= €11 o1 AT crr T N o
. | L ot—+— g ———
8o Lo 4+ T o grer< ot
Lg% > AT | — T | o
<q _f00 tor ro-
@) 90 D07 eo- i Lée F— T
E 1T [ 0 e




NACA RM No. L8BI11

» - -H '
o0 =79 40 =" ‘5pg=trign= A

“UOT}OSTIOP J0jBASTS ITM W) Jo uoTiRIIBA 89U} UO UOTIosTiep defy pue ¢ °I, ‘D Jo10epH -'HZ oIndlq

oo - g oo.uum:cv
wrea Fop 7§ ‘wor30a139p d09eadTy an wmog Fop ‘9QU0II001jOP I03BASTT an
& 4 o) v~ &~ I~ G- OF +> g2 1 + 0 v~ & 2~ 9~ 02~ b2~ @3-
T T 2=~ m_ 10! .
[T . RSN RS . .
M %. m”# s I —
o o = = 0
T 2 S e S I
QM// _ _
H/Nuﬂ@mw o : \
&
/ . -
£ Nm. e
z e .
A 1
i o'n
-l -
oo 9 “ - .
C = 3
g
1°9 Mo | A %
= — [¢] .M v 80" = . n_w
m=—— | flep T :
% ¢ z0° - :
I 1 S o M
E] . ﬂ I
2 L9 vt g
mﬁw WUW_HUMmeMI , W
g “
~ < 4 :
- Hw. i Ifa | o nil ~ 9
< mo” =~ Sl Nl
= . 20" — - «m« : mo.
. o Z0°




T
.\3 , deg
‘ Et%\ :8 o
k8] .
S B 6.7 ©
[ . —
. 2 \\\\\ 5 ¢
=] B =
g FERNR 132 Y
2 \ \ 16.2
5o =N
N
s B
g 0
o
b
5
~
g =/
«
g
4]
-2

28 24 -20 6 -2 -8 4 0 4 &8
U/D Elevator deflection, 8¢, deg Dowr

(b) b¢ = 40°,

e
2]
ou
@

W L0 -3 O I

Vil
7y
i

7

Elevator hinge-moment coefficient, Cp
O
i s
[

28 | 24 20 -6 -2 -8 -4 0 4 8
U/D _ Elevator deflection, 6, deg Lowr

(2) &= °.

Figure 25.- Effect of a and flap deflection on the variation of Che with

elevator deflection. Propellers windmilling; ¥ = 0°; iy = 5.49; 6g = o°;
6, = O°
r .




‘0 =78 f,0="¢ (7'G =TT L0 = A

S .
“UOTI0BTIOP JI0TRASTS M YD JO UOTJRLIBA SU} UO UOHOSTISP ders pue ¢ .or.r ‘D J0 109FH -'Qg 9JINITd
00 = Fg(e)
wumo7 Bap .mwv ‘UOTAIRTFOT JOIBADT Q\\V : M7 Fap .wwu ‘UOTROHTJAP J01RARTH n\b
o4 + o - v- - /- 9 02~ +F B & 14 o] - e- - 2- 9i- 02~ #I- 8-
7. B
= )
I~ 1
! Ty T "o
S » ;
< g o g
Ry i 3
o 3% P ro8
N g R B &
g fufiow
o ap D0 1L s
a o Co2
3 8 N & . e
ot MW mm. 3 Y ¢ m o - ! A
Bop .vﬂm _uw. a//ﬂuf/m. o .m m T
A\ g 57 N
3 = —
¥ ®o =
; - -
” =
z ¥ ¢ - -
a m 2o o'n M.ou mm“ M
— oon o s mw e ‘
— A 1~ =4 5 Fop ‘0 0L = I
m RN & < e P
xQ / NS M GUO m
A o § :
= 2 - =8
) RN A s &
9 <3 g S g ke
N /”// H N 5 m
= RIS NN 7§ B .
ae e 42 i S e N — &
so MM. //duﬁ ”/..v . 5 g . /W/ m
L Ao o1 - £ e [N 5
< Fap ‘75 3L NS 9 ? . - &
< [T 11 NI U B 7od
N + 2op (LA | - H_HM . enn\




NACA RM No.

18B11

=8

/Y

Tcr a, deg
PRV :
a3
10 2 i2.3
.07 n
03 v

,}

N

~

~ T
1 a, de —
0.14 Y g h
a1 4
- B8 ot a9
. Q RO
02 o
]

o

R
-

[/

£

Flevator hinge-moment coefficient, Che

7
wr

4
M

"
Q

/
4/

=
=N

N

8]

W
—

wlevator hiny e-moment coefficient, Che
—

[~
Te! a, 1%
[SNBSTEN
7l
~ oz )
—
S
3
\\b\
\"\@

-2
=28

up

24

-20

-/6

-12

-8

Flevator deflection, 8q, der

(b) 6= 40°,

Figure 26.? Concluded.

-4 0

Downr

Elevator hingre-moment coefficient, Che

Flevator hinge-moment coefflcient, che




o0 = °9 ‘0 = Bg oVG = Bl ‘00 = A {urTIruupuim mmmﬂmmou& golelablcipiclel
Joppnd ujtm 95 pue .%o Xy “I5 o uorjeLIBA 9U} UO UONOSTISD delj pue D JO 10944 -*)7 2andtg

on = g (@ - 0= .«@Amv
eIy
un\m\q Fap L@ ‘U0T1408TJAD JpPNY 427 NQ%W\ Sap ‘“Q 'UOTY08TIOP LB /57
o O2- O 0 of oz o€ os- oZ2- O/- @ o/ oz o€
LA I R B v =
S Ny .
m LTINS
- v
—-q . £
w o
Mnu ot
g o BRSNS g 8
2 [
2 bl
g -
- 3
or - - R g =
o Lo
2! = p— o/t
v/ , 27
A 4 " hy —:
3 N ,
0] < i
5 0 # -
£ o ,
= g 0 i
e I
rw.. . ~q—— g m ! ! i
A% 2 f———— T—
Wa T s, L -] RN P -t I e NP 1
8 o2 wl\ 4 i ) T m N S ey S - tsJA,\L
o ¥J- t— - i
8 P 2 b -y S |
3 _ g su - w
= | o S g
& o o ' — '
R ] S w— b —§ a QR N A - I m £
& t RS N s A o B 3 e
& hy 5 2/ T : — %
" e & | | ,
v G W o M "
o~ o~
S o
3 PO o
i © /.V/A 8
i fe) @
m jv/_ 4 & 6. 9 1]
- T SRR T :
o - M —— o , A . b b ) “
—l 5 o g3l o i : M.mﬁ 4 ol I L B
ki o htol 5 o S
) : 2 ¥ N.m s & o iz - — S
S i o 6 2 ) .
20 E o sap A
= g < 0 Fop DO 5 20 P O
5 ; 3 .
cr g o
= g 0 e s g 0 =
R © = i @ O aum
o b 2 |
ey a a .
s 20 o 20
ﬁ auv Ie]
Y“‘ uo uunu
[




‘o0 = 8 ¢ o0 = Bg 3G = L3 {00 = A& "I5MOd OTI}OWUIASE qu po1BY ‘UOTIOSTIop Ieppund Uiim
Uy pue ‘A~ X~ ¢Tn 10 UOTYRLIBA OU} UO UOTIOSTIop deys pue ‘demod ‘D JO 10051 -"8% SIN3Ld

oOn = 3¢ ‘aawod pagey () 0 = g "asmod perey  (®)

o0 = umv..agoa oraqouniksy (D) - .
» ; N 1460 Fop Lmu ‘Uo1392139p Jeppny it
268y Bop 1Q "uoY1231Jop Jappny 2437 Y . Sap .p@.noﬁoaCmc Jovpry 2477 o 02-  Ol- o ol o4 o
oE- 0z- o0~ O O/ 02 OF oc- o0z- o~ O 0/ 02 OF g . T €
a 9
£ v
[ g ¢ .
L | o -
= - b3 o v
a 3 T g
g s ors e
o o @
= z . 5
2 .W = .NJ
o1 Zlo %
~ e ww
K = _H...\tﬁ
27 7/ e
.
5 b g <
& — 143 & [
& . 2 o
3 e [ Boe0 ¥/
5 ] . &
B, L o=0 [
Ay & — L
o
w m - — m ve pe e
m == e = = Mwﬁ%& a 7] 3 =] =g
5 v 3 50 =
5 ro- .
o s . B
5 g2 go- & B po-
B . & I |
i — - o : |
i g = 7o- g w0~ & |
e o &N 8 g |
— s T 5 RESS g B - : ,
SRS : SSE o & - po g
— B A = i 8.
m N z —m— g : :
Q %m 8 £ /‘/J =3 v o
L ) oo = o IVHW,V‘V/. pd
I 70 x vz Y = 2
. vzt o5 g el £ LT ) Pt Pt
. g A z 2 D.W B & b B
5 ] g . .
B e . g 4
e 4 #3p 20 M = Fap 20 & £ 1% s
u\ul o n» = e
m w ,,N Zr- Bop ‘)
M « 4 3 14 & _
oot — b=3 — s
©o§ oo =3 g LD s =t
IS [ M_m. o= |
O g v - § Fu -l |
& $ o = |
K |
=R




NACA RM No. L8BI11

. ‘00 = e ‘o0 = °Q ob’G = I c00 = A ‘3urriupurm sxe[fedoxd ‘UOTIOSTIOP
uoxelte \iim Yo pue ‘1p ‘Xp “In o uomenrea ey wo uomosyiep de[l pUB © JO 100JIH -7 2an3Tg

0 =dgE®
umMecy Fop .m.@.co?omcmo uoIaI1y Q\\V
) B ¢ —
o 8D ‘%Q ‘U0TA09TFED UOIATTY N s/ o0/ S o & 0~ S~ 02- §2- 06-
S s g 0 £~ o~ st 0Z- S2- 0
. T £0-
S
T ——T1—
//W (VOVN s0- B L4
G 3 % "]
e ] S S
| — [
/ o g 1 -
3 g
/r g | g
33 —
S8 CO: e
e @ ol
wﬂﬂVﬁﬂﬂ#r// - 3 - ——
7/\ ' 20 m. » \\\A
vp/[ ] ko \\c\\\\,
R
K3 |
g \\\
x\\b\\\\.\i\ :
- .mﬁ & g0t
X 7 7 .mﬁ
[SEN N 4 ‘f
A =S
0
NS m.w
5 Fep ‘0
ﬂm.
.
. 8
20- m 0
cr
o e T P
o A B 5 | m—
o m |4 P " — ro-
. 1
0 3. D S e e 80'-
5 Y\l,\l\.T\\.llfll
2/~
A3
0 L X} L d (A X 2]
“ ¢ * (3 L]
L ] o ®eoe *®
* L4 L J e o ¢
[ 4 - . o *
(XX 2] L 2 J L] ®

Ty ‘aua1o173900 3317

X5 ‘queto et 9040 ~1euUlDnyT 10T



t"

NACA RN No. L#211

-~

/| |/
/

/5
Lowr?

5 /0

g

5

_/0 -

-15

Aileron deflection, 55, deg

r ﬁr{ i X
I q
] | ‘
I :
¥ ° oy g 3 Yy ° N Yo
1 [HRN 1 1
Ll L IR
| [ERAE W TN
| TR RN
1 [IRA 1 \
l \ \
| VAL
| \ VLT
AL \
VAN
| | VN
R
i | |
: Hi |
[] NN \
. 1 S |
} ) |
% 9 (E qg) g © A\ o o [t} X [\ o

T fquetotIzeod 1317

/5
Dowr)

/0

20

-25

-30

Aileron deflection, §g, deg

Yp

) 85g - uo®

- O
(b) & =40°.

Concluded.

Figure 29.-



CA RM No. L8Bll1

a

v

T

‘o0 = °q ¢ o0 = Bg ‘ob’G = L3 ‘{0 = A “I8mod ornjewuAse ‘xemod pajel (IUrTwpulm sis[[edodd

‘UOT}OSTIop Joppnd MIm .Hﬂo JO UOTIBLIBA 81} UO uor3oariep defy pue ‘asmod ‘P JO 309JJd -"0€ aan3rg

0 = 3O ‘aomod pa °
o Q pagey (D) 0" .«mv.wcﬂﬁc‘eﬁs saairadoad (®)
28007 Sop ¢ ‘worqosTyep JopPRY  ZADT .
Lo 0 O~ 0 O 02 & qubles % g ruonoetiep dspmny 727
!
T T T g o~ o0 o0- O O 07 O0F
T VOVYN T - 8
PEASN A=\ S
i - % w\p &
3 s ’
m > /- Z
o @ &
\s\x o m.mH 3 ] 4
s g g o B
¢ Z°1 ; = \ W.m.
< Fop ‘20 e
muw\\, ] ! A g 3.4t ;8
ooh = .«@ ‘damod pajey  (p) .3 K » 12 Wu
- 5o Fap O . m
= 2oty %op I ‘worgoargep dapprg AT | Z g
= ) | K
B oE- ce- o~ 0 o0 02 OF * 9
H Tl 1
=
= =)
mmw \.w.“x )
M /- oOn = «@ ‘Guriiwputa sdarredoad (4)
[
j=}
<
m c 3 = 265 Fap .an “4019501J9p JoPPTY 24577
Y o Z°11 B
3 > [ 23, oe- o2- 0F O O 02 &
2 4 i o
8 e | w1 | z- 2
- . - [
"
5?2 0 = 3O aonod orajeuwisy  (3) y: r
7 ©°7 % g
NL\%\Q Fap .p@.:oﬂuwﬁ«mv Jeppny 437 - \\” 1= M
pe o 2
oc- 0z- o~ 0 O 0z UE £ \ 3
j=}
_ T 2- 3 e o] &
; : Je 54 8
¢
. & - s g3 5
I~ 4 < :.mﬁ / )
3 o 5
s\.«“, & L . f .w.
~% o M s Fap ‘0 2 o
m Lo 5
v 2721 -
) : Wm g
[ o oj m
Sop “~0 o
i S - N md
3 |
oo . XYy
[} [ ] *
* 000 [ ]
) e o O
. o ® o
e oo

.-. *n a® h‘



o

&

©

NACA RM No. 18BIl

u, . o
D "UIIDTIR00 JUBLOL-PUTHE L X5 ‘quatot13Je00 3540J-TRUTPNYTRUOT

. %
d o 9 o g

’

NN . |
Ji | -

I
i
I
"
—

>

NACA
A

it

« PN S LI
=,

-30
5.4

-0 -&0
Right
i =

.
b

/0O

—c=

g

\4

/0

Rudder deflectlori,S o deg

20
(c) Asymmetric power,5 ¢ = 0°

. e S

30

kN Y < ¥
< Q < 3 N 3 © 0
far - - ~
Xy ‘queto1J3900 8020J-TBJI24BT Ty quata133900 1311
i

U, . SO
S “3UaIDTJI800 qUswOU~BUTAR] Xo ‘quatoyzgem 20303-TRITPNY TRUOT
m.

3 e ! . o A. <
‘ i il I
3 e, i |l '
! [ Al
1
T /
) |
[ ]
[ ]l
: [ 1]
|

Cou 1 ~ - R
Xy ‘quatotryyeos sd103-TRIaqET T “quatot33900 4311

Us *quatot LR :
0 10113000 quavo -BUTNe X *qua15113209 8920 1-TRUTPNG1TUOT

Lert

asymmetric power.

-30
Right

.
’

10 -0 -20
Rudder deflection,tsr, deg
(b) Rated power,&r = 0°

20

30
Left

=30

Rught
a, power, and flap deflection on the variation of C;, Cx, Cy, and C, with

=20

g [N g (\0. S g g. ©
T T
S ISEBIR N
¥ T ]

. =0

5o = O°.

o

Effect of

>
’

/0

Rudder deflection, 61-' deg
-

O

rudder deflection. Propellers windr_nilling; rated power

5y = 0O°

(a) Propellers windmilling, §¢ = 40°

Q© < < X

Q < Q N Y Q «
. ) < < N
Az fquetc 173800 adzcj-TRJIRT To ‘quA10157300 4317

Figure 31.-



NACA RM No. 18B1

Uy quet07133000 quEwom-Puiuey

1

X5 ‘quatoryze0d $d30]-teUTPM 1FuoT

I\
Q ©° ‘g o 3
o &
! i
H §’ ons, e 1 N
i L oraw Vil Vg
: | SEN
i T3
T8
g 8§
é o
3z 2
v i
5 5
| S 2
| i | R
1 I1 o @
4 [
0 3 < X
3 S ~ oy ) % 0 3
Ry ‘quatoTy3e0d 30J0j-TRd21RT ~ ~ = ) ) -
T *4ust0133803 J1T
Uy “qU81015J500 YUALCU-FUTHE), Xy ‘jueto1yyecd 99403-T2UTPNITRUCT
0y
Q © 8 o s 8
t
g
b
R
f % I[ | .
o g 8
T N oo
v —~AMR0 g .
. o
i T z A
* o
of &
7
ey #
N0 of °
% I Jl N 2
8%
() T < ~
S 9 N T T T
Ay “qua10131200 B0I03-TRI23ET h ' .
- T ‘wa10113803 1517
Uy ‘qus19133300 JuswOU~RuTuE, ¥ 'que1013§300 80207-TEUTPNYTRUOT
o
§ o 9 °© N ¥ I o
1 1’ » .
] S
T PN
ko,
.o I S,
L4 RPN .
oo l = ’ iy
= [ iy
\ ? . 2
P
{ 5
: -3
N
S 5o
3 &
Mt 111 :
L i
& 2 2 “E
[ Xt < X
Q © N N < G Q ¥
An ‘queTDIfIE0D @Du0I-TR4299T h " N

T “quaIo113200 317

- Effect of «, power, and flap deflection on the variation of Cp, Cxs Cyo and C, with

Figure 32.

asymmetric power.

v = 10% i = 5.40;

.
’

rudder deflection. Propellers windmilling; rated power

6e = 00,

= Q°-

6a



NACA RM No. L8B11

Un qua101J3900 qUAWOW-FU TR Y5 ‘qua1ot;aoo 90dCj-TBUTPRYTZUO]

by N N
< < Q (N3 e

-3¢

L
2

-0

N e A
-20

=
0

70

,,*
20

b4 |
——
3¢

N Q x G
~ S © N9 w0
Ay ‘quato1yzeod 90403-1202727 ~
Ty “3ua10133200 9317

Uy "&UFE\;JX}JEOU Juswon-Futme § X5 “quatorzyecs sgao;-[eugpmtﬁmq
S o 9 o 3§ 3§
= AnEy
I 1
8 oo | 1] LT
i T
SR JERNIN
i I 1L
/
?
L
/ i
i L]
1 J [
Y] Q ¥ ) -
~ < N Q Q 0 A N ©
Ky '3ua1oljje @ 8dJ0F~TRIIET] ~ ]
To ‘qus1o133209 4317
Uy ‘qusTOTIFO0D JUALCU-FUTARE X5 “quet0133800 92a0)-TRUTPM TRUOT
O &y Q
Q < N ~ ~ S S ©
i i ' i ]
11
RS
5 ey [
> QI
§ s | |

iyt

e
b d
fa

\ © T <
-~ S Q AS 0 Q Q Lsl Ny
N ~ < . N .
Ly "quatot;e00 20d0)-T82318q
To quaidiIe00 1317

Rgte
lt =5 .40 s

’

15°

¥

Rudder deflection,&,, deg
(c) Asymetric power, 5t = O°

er?

-30 -

Rught
asymmetric power.

.
’

0 -0 =20

/0
(b) Rated power, &¢ = 0°

. Rudder deflection, &, deg

20

30
L et

Right

(a) Propellers windmilling, 5S¢ = 40°

-30

20
Propellers windmilling; rated power

-10

0
= 00
5, = 0°.

10

Rudder deflection, &, deg
1

a0

30

L
rudder deflection.

Figure 33.- Effect of a, power, and flap deflection on the variation of Cp, Cx, Cy, and C, with
5g = O°




NACA RM No. 1L8B11

Uy ";usc\xjou;aoo Jurwos-S TaR g

Xp 'quardrgzeon 2ICJ-TRUIPNGYFUOT

TN 9 ® o
N

~ -~

o o %§ < Zg
§ coec i w I
R / I Y
7 27
/) ]
/77 i
;/ I
1 ]
1 i
R IS) 5 3 )
Q 'Q ) A N Q Q © Ai
Ly ‘quatorgyeos soaoj-reraer Ty *quato111900 4317
.Uy ‘quato1y1e00 quauou-PuTse;, Xy fqueto1jje00 20403~TRUTPNI1RUOT
0N <t A 0
< © ? l° © Q9
—— |
LT & I as
! ;A /] L
1 / 1
It / !
1 1/ ;
va
J//' i
il L]
I 1] ’
)i [
X Q X )
< < ? 2 G Q@ X o S
Ay quato1yze0d 30I05-TRas9EY Ty ‘qua19172800 1311
Un ‘quetd1jyacd quACu~RITAE Xp ‘quatoryyace B30I -TRUIPNITRUGT
Q4 Y] L\ Y ¥
< < ? ~ < ? <
T |
: vma
k] Lo 1} iL
O™
Frit 13
{ i ]
& 1
1 /
/
S
[ I
[ IR
]
s ° 3 3
' \

A7 *3u3101J1200 30103-1RI31]

To ‘quatoTye0s 43517

-rQ 20 -30
Right

a
Rudder deflection, 51,, deg

10

20

-30
4 Rrgbrt

20

-0
Rudder defl:cbion,Sr, deg

20 10

30
Left

=)
&

-0

0

10

Rudder deflection, 5, deg

20

30

Left

Riga

N

(¢} Asymmetric power,Sga 0¢

(b) Rated power,5¢= 0O°

0

(a) Propellers windnilling,Gp= W0

Figure 34.- Effect of a, power, and flap deflection on the variation of C;, Cy, CY” and Cp,

W1

asymmetric power.

L]

Propellers windmilling; rated power

6e = 0°.

rudder deflection.
= ()C);

6a




den

. oag®

NACA RM No. L8Bl11

oG =t {0T- =4

mmm Yo pue ‘bp Xp “In jo uomenrea suyj uo uOTIOSTIEP dely pPUR

e u.«w.uoscn J1J99uASY (D)

1480 gop ‘T ¢ uot10a1op Jappny
oe- oe- 01~ O of 02
+
o
P
o7
=44
7'
%
3
&
g 7o
= p—g—p A g
P o r— = T
¢ 2
8
&
o
13
9
o
ES
(=]
=< Q0'-
b
=
- JUPN
iy 0
=
= .
2 LB
& ]
i 20- o otk
m ‘wmu e
g .
o
Q
m ] Y\\.Y\\.v\k
&
o -
= 20
2
£

Ty ‘queldtyyees 33¥1

4y ‘qustoryzace 99103-Tedaqey

“qQUaTOTIJA 90JCI-TRUIPRITRUOT

*s

“:) ‘U2 TOTI 1900 QUALCL-RUTMR]

G0 =Jy aemod patey  (Q)

b5 Bep ..n.m.co:uo:mu 1appny 2/27
og- 02- 0/- 0 o/ o7 oF
7}
>
»
-1 =3
g
== oY
g0
20 — b O — 1
b —p— e
0 b —d— ——
2/ -
— G0
]ﬂ»ﬂ[ o
/:)/«./tljl] d
MEH o
&
20- _,_ N”A
Fop * s
0 {1 r
=
20

To “quatoty 90 9517

JRUEI S 3 ELLRERR 528 CRERE)

Ao

. 9 ‘ ,I.m
OOI Q .OOI. Q

‘Tomod ‘D JO 108HH

o0n = »wﬁ::iﬁa? szatredoad (%)

-gamod orxjewrtuhse ‘asmod pajed (BurIrruupuim saefredold UOTIO8[Fep I8ppnd
-'GE aJan3tq

nh\mww\ Fop .pw.:o«aomcmv Jappny 427
og-  02- o/- g o/ oc 73
¥
o
g
a7
2’
v/
£
w0
1
=
m.
wro-
b
el [}
8 Io)
g A e 3
@
o
e /-
[ b s eap—e e
2
o o
&0'-
7O
GM Py -
& m“md
- SER
0 © g
« Fop *
iied
8 0 -
2 =41
g
5 20
40.- N
(9]
k=]

To “qustotjyeod qyvT

IUBTITJ 1900 3DI0F-T2L21 8T

e



NACA RM No. L8B11

' e o6
.‘..: : Em[
L 3
‘E“ Sub Ject Number
Tl Stebility, Longitudinal - Static 1.8.1:1.1
¢t Stebility, Lateral - Static 1.8.1.1.2
Stebility, Directional - Static 1.8.1.1.3
Controls, Longitudinal 1.8.2.1
Controls, Lateral 1.8.2.2
Controls, Directioaal 1.8.2.3
Controls - Hinge moments " 1.8.2.5
Stalling 1.8.4
Flying Qualities 1.8.5
ABSTRACT
1

The investigation made of a 7-scale powéred model of a large twin-

boom airplane included elevator, rudder, and some aileron tests at zero
yaw and rudder tests over a yaw range of -10° to 15°. The test results
are summarized and a comparison of the stablllity and control is made with
that of an all-wing model having the same size and power. Performance
estimates of these alrplanes are also presented.




